A method for rapidly determining bound and free testosterone in human plasma is evaluated and described, in which dextran-coated charcoal is used to separate bound and free testosterone. Intra-and inter-assay CV's were 1.9 and 3.8%, respectively. At least 50% of the "bound" 
phoresis. Bound and free testosterone concentrations were determinedin normal men, normal women (during the menstrual cycle and during normal pregnancy), and in women with various degrees of hirsutism. We conclude thatdetermining thecirculating proportions of bound and freetestosterone ishelpful inthediagnostic evaluation of hirsutism in women, and in the investigation of normal and pathological conditions where androgen concentrations may be altered. The biological activity of testosterone is a function of the concentration of "free" testosterone in the blood. This in turn is determined by the interaction of specific binding proteins with the total circulating testosterone. Testosterone-binding globulin, also called "sex steroid hormone-binding globulin"
(SHBG), is considered to be the major specific binding protein in the circulation; other steroid-binding proteins, such as corticosteroid-binding globulin and albumin, are not specific for testosterone, thus they contribute less to total testosterone binding than does SHBG.
Techniques used before measurement to separate free from bound hormone include: treatment of the sample with dextran-coated charcoal (1, 2) , equilibrium dialysis (3, 4) , gelfiltration (1, 5) , polyacrylamide gel electrophoresis (6), precipitation with ammonium sulfate (7, 8) , passage through a column of diethylaminoethyl-cellulose (9) , and ion-exchange column chromatography Received July 16, 1979 ; accepted Oct. 1, 1979 .
A relatively simple and rapid method for determining free testosterone concentrations in clinical samples is needed. Such a method should identify the proteins that collectively bind testosterone, including SHBG. In our laboratory, as in many others, dextran-coated charcoal is used in radioimmunoassays to separate free and antibody-bound steroids. We decided to utilize similar materials to separate bound from free testosterone in plasma samples. Furthermore,
we have attempted to assess what proportion of the bound component is attributable to SHBG. We report such a method here and have applied it to the determination of bound and free testosterone in human plasma samples from various types of subjects.
Materials and Methods

Materials
All solvents used in these procedures were of "nanograde" quality (Mallinckrodt, Inc., St. Louis, MO 63147 Co., Arlington Heights, IL 60005) was purified by thin-layer chromatography before use. Diluent was prepared by dissolving 1 g of bovine gamma-globulin (Fraction II; Sigma Chemical Co., St. Louis, MO 63178) in a liter of saline (154 mmol/L). Dextran-coated charcoal was prepared by mixing 0.5 g of dextran (T-70; Pharmacia Fine Chemicals, Inc., Piscataway, NJ 08854) with 0.5 g of charcoal ("Darco G-60"; Matheson Coleman and Bell, Cincinnati, OH 45212), in a liter of saline.
Assay Procedure for Determining Free and Bound Testosterone in Plasma
Plasma samples, 25 ftL, from men and women were delivered into 10 X 75 mm assay tubes, and to each was added an equal volume of diluent containing 18 000 dpm of the [3H1-testosterone. The samples were incubated at room temperature for 10 coin, transferred to an ice bath, and 1 mL of dextran-coated charcoal suspension was added. The contents of the tubes were then vortex-mixed gently and left in ice for 15 mm. The samples were centrifuged (2500 rpm, 10 mm), the supernate containing the bound fraction was decanted into 3 mL of p-dioxane in scintillation vials, 10 mL of scintillation fluid was added, and the radioactivity in the vials was counted in a Tricarb Liquid Scintillation Spectrometer, Model 2450 (Packard Instrument Co., Downers Grove, IL 60515).
Bound and free testosterone were determined in 20 replicates of the same plasma sample in the same assay, to determine intra-assay variation.
Furthermore, samples from a pooled specimen of plasma from men were incorporated into 15 consecutive assays, to determine inter-assay variation.
The percent bound and free, and the concentration of free testosterone, were calculated as follows: 
Charcoal concentration:
To determine the effect of varying the concentrations of dextran-coated charcoal used, we assayed samples containing 25 to 500 ig of charcoal for bound and free testosterone.
Sample Stability
It is not always possible to determine concentrations of free and bound testosterone immediately after blood withdrawal, so it was essential to investigate the effect of storage upon their relative concentrations in plasma samples. We assayed plasma specimens from five normal men and five normal women, both when fresh and and on six occasions during storage at -20 #{176}C for 244 days. For each determination the specimens were thawed, samples withdrawn, and the remaining specimen re-frozen.
Nature of the Bound Component
Plasma samples (50 L) from males were incubated with 50 iL of distilled water containing the 13H]testosterone (36 000 dpm, equivalent to 46.3 pg), with and without 500-fold molar excess of unlabeled steroid, for 10 mm at room temperature.
The samples were transferred to an ice bath, 2 mL of dextran-coated charcoal was added, and each sample was gently vortex-mixed, placed on ice for 15 mm, and then cen- 
Ext raction:
Blanks, controls, and all the plasma samples were adjusted to pH 9-10 with 100 mmol/L NaOH and extracted twice with 5-mL portions of ether/chloroform (80/20 by vol). The respective extracts were combined and washed twice with 2-mL portions of distilled water, evaporated under nitrogen, then reconstituted in 0.5 mL of methanol. Where triplicate assay samples were obtained, three 0.1-mL aliquots were transferred into individual 10 X 75 mm glass assay tubes, evaporated in a vacuum oven set at 40 #{176}C, and assayed, while an equal aliquot of the sample was pipetted into a scintillation vial for recovery estimation.
Where single assay determinations were done on samples, 0.2-mL aliquots were assayed and 0.2 mL was used for recovery estimation.
Radioimmunoassay of testosterone:
We have previously reported the specificity of the testosterone antiserum and the procedure for radioimmunoassay of testosterone (14, 15) . In the assay of plasma extracts from both men and women the bound/free separation was done with dextran-coated charcoal and the supernate containing the bound fraction was decanted into 3 mL of p -dioxane in scintillation vials, 10 mL of scintillation fluid was added, and the radioactivity in the vials was counted in the liquid scintillation spectrometer. Intra-and inter-assay coefficients of variation were 6 and 9%, respectively.
Results
Assay Procedure for Determining Free and Bound Testosterone in Plasma
Although the assay measures bound testosterone, it is more appropriate to express clinical data on the basis of the calculated free fraction, because this is the biologically active fraction.
When we assayed 20 replicates of the same plasma sample concurrently we obtained a mean of 43.3 ± 0.18 (SEM) percent free testosterone, with an intra-assay CV of 1.9%. When plasma controls from a pool of plasma from men were incorporated into 15 consecutive assays, we obtained a mean of 44.2 ± 0.4 (SEM) percent free testosterone, with an interassay CV of 3.8%.
Evaluationof the Method
Sample volume: Figure 1 shows the percent bound testosterone determined in various dilutions of four samples of human plasma. The mean value from such dilutions indicates that 25 jzL is the smallest volume of plasma sample that should be used in the assay, but use of larger sample volumes does not significantly change the results for percent bound.
Sample dilution:
We saw no significant difference for the percent bound testosterone on using the four different diluents shown in Figure 2 . Therefore, for convenience, we decided to use the radioimmunoassay diluent preparation similar to that already in use in our radioimmunoassays.
Incubation Time and Temperature
There was no statistically significant change in the proportions of bound or free testosterone from the first minute to 2 h of incubation at room temperature. 
Variablesinthe Incubationwith Charcoal
Duration: Binding was greatest between 1 and 3 coin and decreased gradually up to 60 mm ( Figure 3 ). When these data were plotted as log percent bound vs. time, the major dissociating component exhibited a t112 of about 100 coin. The variability in the estimated percent bound during the second 10-coin interval was consistently less than during the first 10 coin. In addition, the values for nonspecific samples incorporated into each assay were higher during the first 10-coin interval. For these reasons, we chose an incubation of 15 coin with dextran-coated charcoal.
Charcoal concentration:
Varying the concentration of dextran-coated charcoal did not significantly affect the bound or free testosterone concentration, indicating that the charcoal did not adsorb additional amounts of binding proteins.
Sample Stability
One-way analysis of variance of the data indicated no significant difference in the proportions of free and bound testosterone in any of the individual samples during the 244-day storage, nor was any significant difference found when we compared the percent difference between consecutive determinations.
Plasma bound testosterone evidently remains stable, even with repeated freezing (-20 #{176}C) and thawing (+20 #{176}C), for at least eight months.
BindingProteinsinPlasma
The Fig. 3 . Effect of dextran-coated charcoal on the rate of dissociation of bound testosterone in plasma samples Each point representsa meanof six separatedeterminations centrations, percent free, and concentrations of free testosterone in normal men and non-hirsute normal women. Table  2 shows our results for women with various degrees of hirsutism. The percent of free testosterone for normal men (47.2%) was significantly higher than those for normal non-hirsute (29.6%, p <0.01), mildly hirsute (31.5%, p <0.01), and moderately hirsute females (39.2%, p <0.05), but did not differ significantly from that of women with severe hirsutism (44.0%). Values for total plasma testosterone and percent of free testosterone correlated well with the degree of hirsutism. Differences between women grouped according to severity of hirsutism were significant. However, in some instances where total testosterone concentrations were similar, there were differences in the percent of free testosterone and in the degree of hirsutism.
For example, a patient with mild hirsutism had 414 ng of total testosterone per liter, 31.3% (130 ng/L) of which was free; another patient with moderate hirsutism had 419 ng of total testosterone per liter, with 42.2% (173 ng/L) free. In all the patients we investigated, the concentration of free testosterone correlated better with degree of hirsutism than did total testosterone concentration.
Menstrual cycle.
The concentrations of plama estradiol, progesterone, testosterone, and percent free testosterone were determined daily from day 10 to day 19 of the menstrual cycle in a normal ovulating woman ( Table 3 ). The length of the menstrual cycle was 30 days and the pre-ovulatory peak of estradiol was on the 15th day, followed by a progressive increase in progesterone, indicating that ovulation occurred on day 16 of the cycle. 
